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Editorial
Special issue on modeling and computational methods in genomic
sciences
The discovery of the double-helical structure of DNA is a landmark event which belongs to the past century,
but with great influence, in this century, on the research activity on genetic and genomic sciences, due also to the
completion of a high quality comprehensive sequence of the human genome which has achieved. Indeed we may talk,
as observed in [1], about the genome era.
The above scientific environment has given a great impulse to the interactions between computer sciences,
mathematics and biology. Indeed, the scientific community is becoming increasingly aware that the great revolution
of this century is going to be the mathematical formalization of phenomena occurring in the life sciences, like
the revolution of the past two centuries was the development of the above approach in the physical sciences. This
essentially means that the heuristic experimental approach, which is the traditional investigative method in biology,
should be complemented by the rigorous approach which is typical of mathematical sciences.
The research activity in the field can take advantage of several, high quality sources: the development of genome
analysis technologies, the physical and genetic mapping of genomes, and the sequencing of model organism genomes,
and ultimately the human genome. These sources can be elaborated by means of advanced technological devices such
as microarrays, imaging at the microscopic scale, computer devices for large data analysis, and so on. The analysis
may be addressed towards computational biology, medicine–health sciences, as well as to social organizations.
In more detail, it is possible to figure out the paths that scientists will go along in the near future. The already cited
paper [1], appearing on the occasion of the fiftieth anniversary of the discovery of the structure of DNA, provides
a deep perspective description of the future of genomic research. Some great challenges have a direct impact on
computer sciences and mathematics. Among others: identifying the structural and functional components encoded in
the human genome, elucidating the organization of the genetic networks and protein pathways, and developing robust
strategies for identifying the genetic contribution to disease and drug response.
In addition, the scientific community has reached the detailed idea that future education, not only of researchers,
should be addressed to developing an interdisciplinary ability to handle scientific and technological problems. It is
being increasingly recognized that research at the interface between the life sciences and mathematics/computation
is crucial if we are to fully benefit from the spectacular recent advances in biotechnology. The impact of genetics on
society requires us to enlarge the above mental and technical attitude also out of the strict environment of research.
From the above reasoning two specific questions may be posed:
(i) May computer sciences and mathematics offer something more than tools for solving technically problems? And
if so, what is the correct mathematical framework for dealing with genomic sciences?
(ii) How far can interactions between genetics/genomics and mathematics contribute to designing a mathematical
theory of living systems?
An immediate answer to the first of these is that the request to computer and mathematical sciences to provide
specific tools is impressive; nevertheless scientists have to look forward and, while tools are developed, they have also
to look for the development of mathematical frameworks, to insert them into a proper mathematical theory. At present,
the requirement of a unique mathematical framework cannot yet have a unique response: research activity operates
towards this challenging objective, while the most challenging one is the one outlined in the second item.
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The scientific community is already meditating about this perspective. Specifically, Robert May [2] looks for a
balance between a naive enthusiastic attitude and unreasonable scepticism. An interesting observation, from his paper,
is the following:
In the physical sciences, mathematical theory and experimental investigation have always marched together.
Mathematics has been less intrusive in the life sciences, possibly because they have been until recently descriptive,
lacking the invariance principles and fundamental natural constants of physics.
With this reasoning, he reports a sentence from the great Charles Darwin:
I have deeply regretted that I did not proceed far enough at least to understand something of the great leading
principles of mathematics; for men thus endowed seem to have an extra sense.
The paper by Hartwell et al. [3] analyzes the conceptual differences between and difficulties of dealing with
inert and living matter: living systems are characterized by specific features absent in classical mechanics, such as
reproduction, competition, cell cycle, ability to interact with other entities and to generate dynamics more complex
than those emerging from Newtonian mechanics. A sentence, extracted from [3], expresses the above concepts:
Biological systems are very different from the physical or chemical systems analyzed by statistical mechanics or
hydrodynamics. Statistical mechanics typically deals with systems containing many copies of a few interacting
components, whereas cells contain from millions to a few copies of each of thousands of different components, each
with very specific interactions. In addition, the components of physical systems are often simple entities, whereas in
biology each of the components is often a microscopic device in itself, able to transduce energy and work far from
equilibrium.
The specific problem of designing a mathematical theory for biological systems is approached in [4], where it is
observed that, with some analogy with mathematical physics, one has to look at biological systems at all scales, from
the smallest to the largest one. Then from the smallest scale, say the DNA scale, one extracts the information to identify
the biological functions which operate at the greater scale, say the one of cells in a multicellular system [5]. Once this
project has been performed, then we may talk about a mathematical–biological theory which may become the relevant
background for a systematic interaction between medicine/biology on one side and computer/mathematical sciences
on the other side, with major impact also on public health (and also economic resources) throughout the world.
This special issue has been generated by a scientific initiative of FIMA, the Italian Federation of Applied
Mathematics. An interesting international workshop was organized in January 2006 on the topics covered by this
issue, which takes advantage of some of the contributions delivered during the meeting. Additional papers of scientists
active in the field at the international level have been inserted in the contents.
Actually, the contents is obviously focused on tools, with special attention on data mining, clustering, data analysis,
graphs and optimization. However, this issue aims to provide a forum for applied mathematicians involved in the field
to present a range of mathematical approaches and discuss the interplay between them.
The very final target of the development of a proper multiscale mathematical theory is not put away. One hopes
that future issues may include the generation of new mathematical approaches to the above ambitious objective.
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